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fn ∈ Bb(En) ´S¹	{ tvb>zvfNrSfN·tBtﬀ5e-fN;r¯xdzvf µn ∈ M(En) ¸ ¤ ffN|@xd{­ M(En) ¹	{ tvb




















fn ∈ Bb(En) ´stbdf%«¬xdw1 t{­Łw1r
Qn(fn) : xn−1 ∈ En−1 7→ Qn(fn)(xn−1) =
∫
En−1
Qn(xn−1, dxn) fn(xn) ∈ R






































































Gn(xn) <∞   ; ¸ ;
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xn−1 ∈ En−1 ´Łtv(wdŁtbdfz xn ∈ En ŁN Łzs{­wdPtf®­fe-fNw;tvŁzp(tzw1r{¥t{­Łw1r
Mn(xn−1, dxn)
¸ﬂa$bdfNw_´d{¥t{}r©1rŁzv©SfN]¹	{¥tb¾-dz;©1©1{¥®­{¥tp


























uEfN tvr5Ł«jtb1f¾Ł©1r¯tv; ®­fŁ¸ 4p¦±®­fe-e5±Ł«
zŁsb1Łw  r´
λ

















































Q∆(x, dy) = e−V (x)∆ M∆(x, dy)
{­r	Ł{­¼Łfwﬁ©@p/tvbdf(nsvb1zsd{¥wd;fz$ŁSfNzvt;z








 Ł{­w1{­sf>zvfNrSfN·tv{¥¼ŁfN®¥p¦¹	{ tvb tbdf>t; fN{¥;fwq¼®­xdfŁ´	w1 tb1f
ŁzvŁxdw1]r¯tvtvfjŁ«_tvbdfnsvbdzvss{­wd;fzº;SfztvŁz
LV = L− V ¸a$bdfPfNr¯t{­e5tv{¥;w]«tbdf<r¯f%rSfN tz®E|@x1Łw;tv{ tv{¥f<rb1Łrzf< fNw;t®­p
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n = (ξi,Nn )1≤i≤N
¹	{¥tbfN®¥fNegfNw;tzvp-tvzvŁw1r{ tv{¥;w1r$df ½1wdf<]«¬;zwqp











































































































{¥e-SŁztvŁw;t$tv-wdŁt{} fPtvb1t	tvbdf31zt{} ®­f%{¥w@tfNzdzvf ttv{¥;wﬀe-ssf®_{}r	Ł;{­wﬁg1tvbﬁ1Łz¯tv{­®¥f%e-ssfN®Y¸tjxdzv{¥wd-tbdfrf®­fN t{­Łw


















fn ∈ Bb(En) ©@p
γNn (fn) = η
N









²d;z(ztvbdfz(Łe-d®­f tf];r¯pqe-stvt{}5Łw1®­psr¯{}r%Ł«tvbdfNrf/e-fNŁrxdzvfNr3¹ºf]@{­w±zvf «¬fztbdf]zf<ŁsfNz%tv o pª´"w1 zvf «¬fzvfwH fNr
tbdfNzfN{¥w_¸Kw1zt{} xd®}z<´@«¬;zw@p
fn ∈ Bb(En) ´d¹ºf3b1<¼;fjtvbdf%«¬Ł®­®¥¹	{­wd-Ł®¥e-@rut ;w@¼ŁfzvŁfNw1 fPzf<r¯x1® tr
lim
N→∞




γNn (fn) = γn(fn)























E(γNn (fn)) = γn(fn)
Q¹ºf¼ŁfNzN´s{ t	tvxdzvw1r$;xst$tvb1t	«¬ŁzBw@p
n ≥ 1
E(ηNn (fn)) = E(fn(ξ
1,N























Z\[   ﬀLcNa!ki. /.ldfi ehk "`aNc(kjg a!kﬀdm_("
²d;z$Łw@p51Ł{¥z$«{­w;tvfŁfNzvr
(l,m) ∈ (N?)2 ´s¹f%r¯ft [l] = {1, . . . , l} ´dw1 [l][m] tbdf3rf t$Ł«e-Łdd{­wd;r a «¬z;e [m] {­w;t [l] ¸
4ºp |a| ´d¹ºf3dfwdtvfPtvbdfŁzvs{­w1Ł®¥{¥tp/«tbdfrf t a([m]) ´1Łw1]«¬ŁzŁw@p 1 ≤ p ≤ l ¹ºf3rf t
[l][m]p = {a ∈ [l][m] : |a| = p}
a$bdf	w@xde(©SfNz















´dŁw1ﬀ©qp Gl = 〈l, l〉 tvbdfrp@e-e-f tvz{}PŁzvŁx1]Ł«"®­®»SfNze(xsttv{¥;w1r$« [l] ¸
²1z;e tb1fdxdzvfºe5tvbdfe5t{}®qSŁ{­w;t"«H¼q{¥fN¹3´Gtbdf$egf<Łrxdzf<r
PNn,q























































¹	{ tvbﬀtvbdfrp@e-e-f tvz{ VNt{­Łwﬀ;Sfzt;z












b ∈ [q][q] ´1w1sf ½1wdf<ﬁ©@p
Db(F )(x
1
n, . . . , x
q
n) = F (x
b(1)














s ∈ Gq ´ DsF = F ¸ ¤ f3¹	z{¥tfP«¬zvŁe wd¹[;w_´ Bsymb (Eqn)
«¬Łz$tb1fr¯ft	«"Ł®­®_r¯pqe-e-f tvz{}j«¬xdw1 t{­Łw1r	{­w Bb(Eqn)
¸










a, b ∈ 〈q,N〉2 ´d¹ºf%bH<¼Łf
E
[











































¯q(F ) = (ηNn )
¯q(F )× (γNn (1))q
Łw1
(γNn )
⊗q(F ) = (ηNn )



















¯q(F )) = E((γNn−1)
































QNn,q(F ) = γ
⊗q
n (F ) = E
(
F (Xc,1n , . . . , X
c,q









1 ≤ i ≤ q ¸
































(ΘN )N≥1 ∈ M(E)N j   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(E, E)  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Θ ∈M(E)  q	 N ↑ ∞  K ! 	ﬂﬂ!	ﬂ  !
∀F ∈ Bb(E) lim
N↑∞
ΘN (F ) = Θ(F )
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(  	

































∂Θ ∈ M(E)  q	 N ↑ ∞  ! 	ﬂ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t	tbd{}r$S;{¥w@tN´d{ t{}r	 ;w@¼Łfwd{­fw@t$t-e5¶Łf3r¯;e-f% ;e-egfNw;tr¸²{¥zrutv®¥p;´qtb1f3r¯tzvŁwd«¬Łzve «tb1f%¹ºf<¶] ;w@¼ŁfzvŁfNw1 fjŁ«
egf<ŁrxdzvfNrŁw1r{­dfzf<©S¼ŁfºŁzvzf<r¯SŁw1dr_tjtbdf$r¯¨9tŁS;®¥;ŁpPŁwtb1f$r¯ft«Hegf<ŁrxdzvfNrN´Gdf ½1wdf<Łrtb1f$ ;ŁzvrfNr¯t_tvŁSŁ®­Ł;p
«¬Łz%¹	bd{}vb±Ł®¥®"«¬xdw1·tv{¥;w1®}r
µ ∈ M(E) 7→ µ(ϕ) ∈ R ´ ϕ ∈ Bb(E) ´_ŁzfgŁw@t{­w@xd;x1r¸²d;z%ﬀe-ŁzvfgsftvŁ{¥®­fNs{}rx1rvr¯{­Łw
Łw>tbdf-ru¨9t;SŁ®­ŁŁpﬀ{­w>tvbdf- Łw@tfµ@tPŁ«ﬂdz;©1©d{­®­{ tupegf<Łrxdzf<r´S¹ºfgzf«ãfNzBtvbdfgzf<ŁsfNztv]tbdf-zt{} ®­f o p9¸3 r¯f<|@xdfw1f(Ł«
zf<®w@xde(©SfzrBNw¾©Sf({¥w@tfzvdzvf tvfN¾ŁrB/rfN|@xdfwH f«Ke-fN;r¯xdzvfNr¹	{ tvb>/Łw1r¯tvŁw;tB¼Ł®¥x1fŁ´Hr5tb1ttvbdf©S¼Łfsf½1wd{¥t{­Łw
dd®­{­fNr%t§w@p±r¯f<|;x1fw1 f5Ł«$zf<®Kwqxde(©Sfzr¸
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Z\[ fdc2	"`a ﬀ3"$%e ﬁﬀ'ﬀ\_" k]dm_ﬃﬂdc  g(. ﬀ3"
²d;zjtzw1r1ŁzfwH p;´S¹ºfg¹	{¥®­®"Ł«ãtfwxHr¯ftfNze5r%Łrvrs {}tf<¾¹	{ tvb©Stwd{}Ł®Y´»Łw1§Łfw1fN®­Ł;{­N®tvzfNfNrN¸a$bdf«¬;z¯tvb1 ;eg{­wd
egf<ŁrxdzvfNrﬂf µs1Łw1r{¥;w1rﬂ¹	{­®¥®E©Sfjtb1fzvf «¬ŁzvfB;{¥¼ŁfNw]{¥w]tfNze5rºŁ«r{¥;wdfN/e-fNŁrxdzvfNrﬂ{­w1sfµsfN/©qp/ ;®¥®­fN t{­Łw1rº«_tvzfNfNrN´qŁ®­ŁzvfN
«¬ŁzvfNr¯tvr/w1 tb1fz]Łw1®­Ł;Łx1r-Łe(©d{­w1tvŁzv{­Ł®w1 Łf;e-f tzv{}®	;©quf<·tr¸ k>Łzvf;fwdfNzvŁ®¥®­pŁ´eg@rutﬀ ;eg1xstvt{­Łw1r5;w
1zt{} ®­fge-fNŁrxdzvfNrj¹	{­®­®K©Sfgzvfdb1zv;r¯f<¾{­wtbdf5Łxdzr¯fg«ﬂtvbdf5zt{} ®­fg{¥wtfNze5rPŁ«ºfwqxde-fztv{¥¼ŁfgdzvŁ©d®­fe5rP;w§tzvff ¨ª®­{¥¶Łf
Ł©sufN·tr¸"w];zvdfztvg<¼Ł;{­5®­fwd;b;tfNwd{­wd(tbdfPdzf<r¯fNw;t{¥w@tzvssx1 t{­Łw_´@tbdfN{¥z$df ½1wd{¥t{­Łwﬁw1]rutvx1sp/zvfS@rutvSŁwdf<-t(tvbdf










_ft An,q =   ([q][q])n+1 ©SfPtvbdfr¯ft	Ł« (n+ 1) ¨r¯f<|@xdfw1fNr$«e5dd{­wd@r a = (ap)0≤p≤n «¬z;e [q] {¥w@t-{¥tr¯fN® «u¸
[q]










©Hf%tvbdf3wdŁwdw1f;t{­¼ŁfPe-fN;r¯xdzvfP¼®­xdfN]«¬xdw1 t{­Łw1Ł®»;w An,q df ½1wdf<ﬀ©qp




1 Da1 . . . Q
⊗q
n Dan
) ∈M(Eqn)   ; ¸ ; 1 
a$bdfk>Łz¶Ł¼5;Sfzt;z
Db



















(En−1 ∪ {c})q {¥w@t]{¥tvrf®¥«u´Ew1>w¾fµsd®¥;zvt{­Łwﬁtzw1r{¥t{­Łw«¬z;e (En−1 ∪ {c})q {¥w@t
(En ∪ {c})q ¸ ¤ f%tbdfNwb1<¼ŁfPtvb1t
∆an,q(F ) = E
(
F (Xa,c,1n , . . . , X
a,c,q




















{¥w1bdfzv{ t	(zfNe-Łzv|@x1Ł©d®­f{¥wq¼Łz{}w1fdzvŁSfNz¯tup«¬zvŁe tbdfN{¥z	r¯ft¯¨9tbdfNŁzvf t{}Bsf½1wd{¥t{­Łw_¸
hBe-fN®¥p;´"®­f tgx1r({­w;tvzdsx1 f/tb1f]w1txdz®º®¥f«ãt-Ł t{­Łw!Ł«	tbdfﬀŁzvŁx1 Gn+2q
;w An,q sf ½HwdfN!«¬Łzg®­® a ∈ An,q w1 Ł®¥®










F ∈ Bsymb (Eqn)
¹ºf%b1G¼Łf
∆bn,q(F ) = ∆
s(b)































































 Łe(©1{¥w1t;z{}®tvzf<tvegfNw;t/Ł«%Ł®¥®e-fNw ½1fN®­ 1tb sfNSfw1sfNw;tﬀ1dzGµs{¥e5t{­Łw1r¨ªfŁ¸ 1¸ ¹	{¥tb1Łxst]zf<rutvz{}·tv{¥;w1rg;w¦tvbdf
w@xde(©SfzŁ«1zt{} ®­fNr	tfNŁbrutvf«tb1fddzvGµq{­e5tv{¥;w]dzvs f<rrN¸
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´Ł«¬ŁzKtbdfBrfN|@xdfNw1 f	«Ex1wd{ tﬂ{­w;tvf;fzr´;w1gzvfNrSfN t{­¼Łf®­pwqxd®­®1{¥w@tfNŁfzrN¸a$bdfŁ©SG¼Łf	sf½1wd{¥t{­Łw1rﬂŁzf$fµqtfw1dfNtv3{­ws½1wd{¥tf
r¯f<|;x1fw1 f	Ł«E{­w;tfNŁfzr
p = (pk)k≥0 ∈ NN ´;¹	{ tvb/P½1wd{¥tfwqxde(©SfzrKŁ«»r¯tzv{­ t®­p(S;r{¥t{­¼Łf$tfzve5r¸"Bw@p(«¬xdwH·t{­Łw α : N 7→ N
Łwﬀtb1f3rf t«{­w;tvf;fzr{­w;tv-{¥tvrf®¥«u´d{}r$fµ@tvfw1dfNﬀt-{­w;tvfŁfNzr¯f<|@xdfw1fNr












a ∈ An,q ´q¹ºfj¹	zv{ tvf |a| tb1fPrfN|@xdfNw1 f (|ai|)0≤i≤n ¸a$bdfP;®­fNrv fNw1 fjr¯f<|@xdfw1fBŁ« a {}rﬂtvbdf%r¯f<|@xdfw1f q− |a| «









a$bdfr¯x1©1r¯ft« An,q «Kr¯f<|@xdfw1fNr a r¯xHvbﬁtbHt |a| ≥ q− p {­r	¹	zv{¥t¯tfNw An,q(p) ¸ºhŁt{} f%tbHtN´1{¥« a ≈ b ´ |a| = |b| ´Hr¯
tb1tºtbdfjwdŁt{­Łw1rﬂŁ« @®­fNrv fwH fBsf;zfNfBw1] ;Ł®¥f<rfw1frfN|@xdfNw1 fB;¼ŁfzﬂttvbdfPrf t Fn,q Ł«»«¬ŁzvfNr¯tvrN¸w/1Łz¯tv{­xd®}z<´
wdtt{­Łw¾r¯x1b¾Łr |a| ;z coal(a) {}r	¹ºf®­®¥¨ªsf½1wdfN_¸w¼q{¥fN¹DŁ«InH ; ¸ ; d´q«ã;zBw@pﬀbdŁ{} f (a0, ..., an) «Kgzvf1zf<r¯fNw;tvt{­¼Łf
«"«¬ŁzvfNr¯t
f




w1 |f | = |a|
a$bdf3rxd©1rf t« Fn,q Łrvrs {}tf<5tv An,q(p) {}r	¹	z{¥t¯tvfw Fn,q(p) ¸
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F ∈ Bsymb (Eqn)

m( $ !
QNn,q(F ) = ∆
A
n,q(F ) = E
(
F (XA,c,1n , . . . , X
A,c,q
n ) 1TA,1≥n . . . 1TA,q≥n
)
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(∀n ≥ 0 ∀xn ∈ En Gn(xn) = 1) =⇒











⊗l0 ⊗ (γN1 )⊗l1 ⊗ · · · ⊗ (γNn )⊗ln
































N ≥ q m ! q ! 
	ﬂj"
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[]Z  'jc2	.]k  k]_ ﬀGc 1"`aNdfi ﬀ3"`a!k]i a %_"Bdc 'jc!dfehgjiﬁa ﬂdc  g(. ﬀ
a$bdfj®­{­wd¶5©Sf tu¹ºfNfw]tbdfjtu¹ºH´qx1rx1®EŁw1/zvfNr¯tzv{}·tf<»´;tvfw1rŁzdzvssx1 tvrºe-fN;r¯x1zfNrN´
(ηNn )




N ≥ q ≥ 1 Łw1ﬁge-fNrxdzvŁ©d®­f%r¯tvtf3r1Łf E zvfj½dµsfNﬁŁw1fP«¬Łz®­®9¸
ºŁwHr¯{}sfz$½1zrut$tvbdfrxdzWuf<·t{­;w
pi : [q][q] × 〈q,N〉 −→ [N ][q]




b ∈ [N ][q] h(
  !    |pi−1({b})| ]" pi−1({b}) P&K-ﬀ!
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F ∈ Bsymb (Eq)
´d¹	{ tvb
q ≤ N ´
δxaDb(F ) = Db(F )(x






(N)p(N − p)q−p = 1 ¹	bdfzvf N ≥ q ≥ p
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hBt{} f3{¥w1ztv{­xd®­Łztb1tN´1r{¥wH fPtvbdf Łe-S@r¯{¥t{­Łwﬀe5Ł
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m(x)⊗q









|s(p, q − k)| S(q, p)
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φ ∈ Bb(Eq) sf½1wdfNﬁ©qp 










|up| (N)p S(q, p) ´
w1]tvbdf3®¥fNe-e-g«¬Ł®­®¥¹rN¸























5 >  M 
#% (&  (ﬀ 	Bﬂ	
q ≤ N $(&   ', !',ﬂﬃﬂ n ∈ N ﬁ & F ∈ Bsymb (Eqn)


































































































∣∣∣ ξ(N)n−1) = (γNn (1))q × E












(Q⊗qn DLNq F )
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{ « |f | = q r¯{­w1 f;´{­w±tvb1t;r¯f;´ f {}r3wdŁtbd{­wd>©dxsttvbdf/fN|@xd{­¼®­fw1f5®­;rr3«	®­®
r¯f<|;x1fw1 f<r$«©d{ ufN t{­Łw1r	{­w An,q ¸a$bd{­r	fwHdr$tbdf3dzvq«Ł«tbdf%tvbdf;zfNe¸
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s(q,q − r) = −(q2) ¸$w> ;w1 ®­x1r{¥;w_´dtbdfNŁrf |f | = q  ;w;tzv{­©dxstf<r	t (n + 1)q(q − 1)/2 t5tvbdf
Łrp@e-stvtv{­Pf¼®­x1tv{¥;wﬀ«
N ||QNn,q − γ⊗qn ||tv
¸
hBG¹3´@®­f t$x1r ŁwHr¯{}sfz(rfN|@xdfNw1 f
r
¹	{¥tb |r| = 1 ´qfŁ¸ 1¸tbdfj;wdfŁ´@¹	zv{¥t¯tvfw ri ¹	{ tvb ri = 1 ´@«¬Łz$Ł{­¼ŁfNw 0 ≤ i ≤ n ¸"w
tb1t	NŁrfŁ´@tb1fzf%{­r	xdwd{}|;x1f
f
¹	{¥tb |f | = q− r ´s¹	bd{}vbﬁ{}rºtb1fPf<|@xd{¥¼®­fw1fP ®}ŁrvrºŁ«®­®»rfN|@xdfw1fNr«e5Hr a {¥w An,q
¹	{ tvb





´Er5tb1tN´S;wtbdf¹	bdŁ®­fŁ´1tvbdfNŁrf |f | = ri
 Łw@tzv{¥©1xstf<rt
q(q − 1)/2 tvgtbdf3fN¼Ł®¥x1t{­Łw_¸
a$bdf ;z;®¥®}zp-«¬Ł®­®¥¹rtbdfNwﬁ«ãzvŁe tb1f xdzvfw@t	f µs1wHr¯{­ŁwﬀŁ«"a$bdf;zfNe d¸0<s¸
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f]Ł®­r¾sfNz{­¼Łf5¼Łz{­ŁxHrP{}sfw@t{¥t{­fNr(zvf®­f¼Łw;t3«¬Łz3tvbdf5½1wdf];r¯pqe-stvt{}Ł®Łw1®­psr¯{}r%Ł«$e-fNw ½1f®} 1zt{} ®­f5{¥w@tfzŁ t{­wd




r{¥w1fg«¬;zf<rutr3dSf<zPtv©Sf-tbdf/eg@rutw1tvxdzvŁ®K1ze-f tvz{ VNt{­Łw§Ł«f®­fe-fw@tvr3{­w Fn,q  ´
w1ﬁŁ®­r«¬Łz$tvbdf ®}zv{¥tp/Ł«tbdf3fµqS@r¯{¥t{­Łw¸
 []Z 	 d   a sc  k]_hd,.ld %3 dm_ aNc2		" ﬀ\_he ﬂdmc2	"`a2"
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k ≥ 0 ¸$a$bdfw@x1e(©SfzBŁ«"¼Łfzt{} f<rtBfN;vb¾®¥fN¼Łf®
{¥w¾«¬ŁzvfNr¯t	{­r	fw1ssfNﬀ{­wﬀtvbdf3e5d1{¥wd 
v : f ∈ F 7→ v(f) = (vk(f))k≥0
hBt{} f%tb1t$«¬;zwqp/1Ł{¥z	««¬ŁzvfNrutr
(f ,g) ∈ F ´d¹ºf3b1<¼ŁfPtvb1t





v(F) ´¹	bd{}vb ;{­w1 {}sfNr¹	{¥tvbtbdf$r¯ftŁ«1Łwdwdf<·tf<3{­wd{¥t{}®@{­w;tvf;fzrfN|@xdfNw1 fNrN´<tbHt{}r{¥w@tf;fzrfN|@xdfNw1 f<r
p = (pk)k≥0 ∈ NN rvt{}r¯«¬p@{­wdgtbdf%«¬;®¥®­¹	{¥wd-dzvŁSfztup








T0 = ∅ ´d¹ºf%x1rfPtvbdf ;w@¼Łfw@t{­Łw1r
v(∅) = 0 = (0, 0, . . .) wH ht(0) = −1
²1Łz$w@p




f ∈ Fp ®¥f<zv®¥pŁ{­w1 {}sfNrj¹	{¥tb>tvbdfb1f{­Łb;t ht(p) Ł«Ktvbdf{­w;tvf;fzPrfN|@xdfNw1 f p ¸3²d;zBtb1fw@x1®¥®
r¯f<|;x1fw1 f
0











p ∈ V {}rjbd;rfw>r5tvb1t p0 = 1 ´Htb1frf t Fp zf<sx1fNr	tv/tbdfgrf t Tp Ł«Ł®¥®tvzfNfNr T rx1b¾tb1t v(T ) = p ¸
a$bdf(wdŁtvtv{¥;w¾Łw¾tvzfNfNr´Ew1«¬;zf<rutrŁqf<rG¼ŁfNzt]d®}w1Łztzvff<r´Ew1¾d®}w1Łz«¬ŁzvfNr¯tvr{­w§]rf®¥«ã¨9f µsd®}wHt;zpﬀ¹<p;¸B²d;z
f µde-d®­fŁ´q«¬;zwqp]rfN|@xdfw1f
p ∈ V ´ PFp {­r$tbdfrf t«d®}wHz«¬;zf<rutr f ´d¹	{¥tb vk(f) = pk ¼Łfzt{} f<r$t	®­f¼Łf® k ≥ 0 ¸
²1Łzw@p
n ∈ (N ∪ {−1}) ´s¹f3sfw1tf3©@p Vn ⊂ V tvbdfr¯x1©1r¯ft	«"rfN|@xdfNw1 f<r p rx1vbﬁtb1t ht(p) = n ¸hŁt{} fPtvb1t









B : p = (pk)k≥0 ∈ V 7→ B(p) = (ql)l≥0 ∈ V, ql := pl+1
{¥w1dx1 fNr(Nwd;wd{}®K©d{ ufN t{­Łw_´"rutv{¥®­®ﬂsfNwdtvfN±©@p
B
´©Sft¹ffw tbdf]r¯ft«tzvffNr Tp   zfNr_¸/d®}wHz%tzvff<r PTp  ´¹	{ tvb
p ∈ Vn+1 wH5tbdf%rf t$«_«¬;zf<rutr FB(p)  
zf<r¯_¸"d®}w1Łzﬂ«¬;zf<rutr PFB(p) 
´q;©stvŁ{¥w1fN/©@p5zvfe-¼@{­wdtvbdfPzstºŁ«_tbdfjtvzfNf







k ≥ 0 {­w°«¬ŁzvfNr¯t
f ∈ F {­rsf½1wdfNﬁ©@p/tvbdf3e5dd{­wd





¸3w§tvbdf-©S¼Łfs{}rd®­GpŁfN¾«¬;ze(xd®}d´Stvbdf-rfN|@xdfwH f |f | =









(f ,g) ∈ F ´d¹ºf3b1G¼Łf
( |fg| = |f |+ |g| Łw1 B(v(f) + v(g)) = B(v(f)) +B(v(g)) )⇒ c(fg) = c(f) + c(g)
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{¥«{¥tr	;Ł®¥f<r fNw1 f%sfNŁzvffP{}r	1¸












f ′ ∈ PF «ﬂb1f{­Łb;t ht(f ′) = (n + 1) zvftb1fzf«¬Łzvf
w1Łwd{}®­®­p3{­w-©d{ ufN·tv{¥;w-¹	{ tvb5rfN|@xdfw1fNr"Ł«Se51r








k = 0, ..., n
´1wH
p ∈ Vn+1   zvfNr¯¸KwH p0 = 1  ¸
a% ®}Łz{¥«¬p%tvbdf$dzvfNrfw@tvtv{¥;w_´¹f$¹	z{¥tf
a ↑ tv%{¥w1s{}tftvb1tPŁ{­¼Łfwe5Łdd{­wd a ©Hft¹ffw5r¯f tr"«S{¥w@tf;fzr{­r"¹ºf<¶q®­p
{¥w1zf<Łr{¥w11¸wﬁtbd{}r	wdttv{¥;w_´q«¬ŁzŁw@p
p ∈ Vn+1 ¹ºf%b1G¼ŁfPtbHt
PFp ' IAp :=
{
(a0, ..., an) ∈
(
[p0]
[p1] × . . .× [pn][pn+1]
)








«¬Łz(tvbdfﬀd®}w1Łz«¬;zf<rutg;rrs {}tvfNtv§rfN|@xdfNw1 f]{­w IAp   zf<r¯¸§¹	{¥tb p0 = 1  ¸
w±tbd{}r3{­w;tvfzvdzftvt{­Łw_´¹	bdfw
f ′ ∈ PFp {}r%zvf1zf<r¯fNw;tf<§©qp¾r¯f<|;x1fw1f-«$e-Łdd{­wd;r a = (a0, ..., an) ∈ IAp ´tvbdf










p ∈ Vn+1 {­rbd;rfw rx1btbHt p0 = 1 ´tbdf/e-Łdd{­wd B {­w;tvzdsx1 f<{¥w±tvbdf5dzvf¼q{­Łx1r
nqfN·tv{­ŁwNwﬁ©Sf%zvf¹	zv{¥t¯tfNwŁr«¬Ł®­®¥¹r 
B : PT (a) ∈ PT p 7→ B(PT (a)) := PF (B(a)) ∈ PFB(p)
¹	{ tvb tbdfrbd{ «ãtﬁŁSfNzvtŁz
B(a0, . . . , an) := (a1, . . . , an)
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F (a)








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(i, ak(i)), i ∈ [pk+1]   !)	ﬂ  
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J(a)
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PF (a) = J(a)
¸¾hBtvt{­Łw!rx1b Łr Fp ´¹	{¥tb p ∈ Vn+1 ´fµqtfwHdr3«¬zvŁem«¬ŁzvfNr¯tvr3t5uxdwd;®¥f<r{­w 
r¯fN® «ã¨ªf µsd®}w1t;zp]¹<p;¸;xdwdŁ®­fNr










k = 0, ..., n
¸k¾;zfP«¬Łzve5®­®¥p;´q¹f%b1G¼ŁfPtb1t
Jp ' Ap :=
(
[p0]
[p1] × . . .× [pn][pn+1]
)
a¦e5¶Łf§tbdf<r¯f ®­ŁfN©dz{}¾zfNdzvfNrfw;ttv{¥;w1r/Ł«(d®}w1Łz]«¬ŁzvfNr¯tvrﬁŁw1!uxdwd;®¥f<rﬀe-Łzvfdzf< {}r¯f;´B{ t{}rﬁŁwq¼Łfwd{­fw@tﬀt
{¥w@tzvssx1f$Łwdtvbdfz"zvŁxdwH(«Swdttv{¥;w_¸²d;zKŁw@p{­w;tfNŁfNzvr
p, q, r, s ≥ 1 ´;Łw1gw@pH{­z"«Se51r (α, β) ∈ ([q][p] × [s][r]) ´
¹ºf%®­f t
(α ∨ β) ©Sf%tbdf3¹ºf<¶q®¥p/{­w1 zvfN;r¯{­wdge5ﬀ«¬zvŁe [p+ r] {¥w@t [q + s] df ½1wdf<ﬀ©qp















α ∨ β ¸]²1Łzw@xd®­®ﬂ{¥w@tf;fzr p = 0 ´;z p = 0 = q ¹ºf5x1rf-tbdf] Łwq¼Łfw@t{­Łw1r
[q][p] = {∅} ´;w1(tvbdf	Łe-S;r{ tv{¥;w(zvxd®­fNr (∅∨∅) = ∅ ´ (α∨∅) = α = (∅∨α) ¸Oj©Hr¯fNz¼Łfºtb1t"«¬Łzwqp (σ, τ) ∈ (Gq × Gs) ´
w@p
(α, β) ∈ ([q][p] × [s][r]) Łw1ﬁwqp (ρ, θ) ∈ (Gp × Gr) ¹ºf%b1G¼ŁfPtbdfŁe-S;r{¥t{­Łw]«¬Łzve(xd®}
(σ ∨ τ) ◦ (α ∨ β) ◦ (ρ ∨ θ) = (σ ◦ α ◦ ρ) ∨ (τ ◦ β ◦ θ)   1 ¸ ;
²d;z	Łw@p
ρ ∈ Gp+r ¹	{ tvb α w1 β Łr	Ł©SG¼Łf;´q¹ºf®}r-|;x1tf%tbdf%«¬Ł®­®­G¹	{­wdg«WŁ·tvŁzv{V<tv{¥;w]zvxd®­f




=⇒ ρ ∈ (Gp ∨ Gr)
aﬀbdfN¶ﬁtbd{}rB½1w1Ł®"Łrvr¯fNz¯tv{¥;w_´H¹ºfrxddS@r¯ftb1fzvf(f µs{}rutrjrŁe-f
i ∈ [p] r¯xHvb>tb1t ρ(i) = p + j ´S«¬;zPr¯;egf j ∈ [r] ¸jw
tbd{}r;r¯f;´q¹f%¹º;xd®­]½Hw1ﬀtbdf%«¬;®¥®­G¹	{­wd5 Łw@tzŁs{}·tv{­Łw
(α ∨ β)(ρ(i)) = (α ∨ β)(p+ j) = q + β(j) 6∈ [q]
4ºpﬀ-r¯{­e-d®­f%{­w1sx1 t{­Łw¾zvŁx1egfNw;t<´@«¬;zwqp
αi ∈ [qi][pi], i = 1, ...,m ´d¹ºf®}r¯-b1<¼ŁfPtvb1t
(α1 ∨ . . . ∨ αm) ◦ ρ ∈
(
[q1]
[p1] ∨ . . . ∨ [qm][pm]
)







m ≥ 1 ¸
k¾;zf%ŁfNwdfz®­®¥p;´@«¬;zwqp]rfN|@xdfNw1 f<r$«{­w;tvf;fzr
p ∈ V ´1Łw1 r ∈ V ´1Łw1ﬁŁw@pﬀr¯f<|;x1fw1 f<r$«"e-Ł1r α = (αk)k≥0 ∈
Ap ´1wH β = (βk)k≥0 ∈ Ar ¹ºf3dfwdŁtf%©qp (α ∨ β) tbdfrfN|@xdfwH f%«e5Ł1r
α ∨ β := (αk ∨ βk)k≥0 ∈ Ap+r
htv{­f%tb1tN´1{ «
α ∈ IAp w1 β ∈ IAq ´stvbdfw α ∨ β ∈ IAp+q ¸wﬁtvbdfŁ©SG¼Łf3s{}r¯d®}GpŁfN]«¬;ze(xd®}d´d¹ºf3b1G¼Łf%x1rfNﬀtvbdf
 Łwq¼Łfw@t{­Łw1r
αk = ∅ ´1wH βl = ∅ ´s«¬;zw@p k > ht(p) ´1w1 l > ht(r) ¸
	f<®­®_tb1tjrfN|@xdfwH fNr«"¹fN¶q®­p]{­w1 zvfN;r¯{­wd-e5Ł1r
α ∈ IAp ´SŁw1 β ∈ IAr w¾©SfzfNdzf<r¯fNw;tvfNﬁŁzdb1{­N®­®¥p/©qp
tbdfg1®­Łw1zj«¬ŁzvfNr¯tvr
PF (α) ∈ PFp ´_w1 PF (β) ∈ PFr ¸w>tvbd{}rP{¥w@tfNzdzvf ttv{¥;w_´Stb1f- ;egS@r¯{¥t{­Łw>«¬Łzve(xd®}]Łw>tvbdf
wdŁw1Łe-e(xstt{­¼Łf%e-Łwd;{­ PF {}r$w1G¹DŁ{­¼Łfwﬁ©@p
PF (α)PF (β) = PF (α ∨ β) ∈ PFp+r   1 ¸ 1 
a$bdfgrŁegf ;w1r¯tzvx1·tv{¥;w1rbd;®­«¬;zjwdŁw>wdf< fNrvrvzv{¥®­pﬀ{¥w1zf<Łr{¥w15e51rN¸Bw>tbd{}rPr¯{¥tx1t{­Łw_´Htvbdfgr¯f<|@xdfw1fNrB«e51r















 [   gfaNd, dc2' hk "  %mc!dmg'(" dm_  gh_%,. 	"
²d;z	Łw@p/;{¥¼ŁfNwr¯fN|@xdfNw1 f%Ł«{¥w@tfNŁfzr
p ∈ Vn+1 ´stbdf3dzvssx1 t	Sfzve(xstvt{­Łwﬁ;z;xd
Gp :=
(Gp0 × Gp1 × ...× Gpn+1)
Ł·trw1txdz®­®­p5ŁwﬁrfN|@xdfNw1 fNr$«e5Hr
a = (a0, a1, ..., an) ∈ Ap ´dŁw1];w(uxdwdŁ®­fNr J(a) {¥w Jp ©qp/Sfzve(xstvt{­ŁwﬀŁ«tvbdf
¼Łfzt{} fNr	t	fN;vbﬁ®­f¼Łf®9¸k¾Łzvfj«¬;ze5®­®­pŁ´q«¬Łzwqp
s = (s0, ..., sn+1) ∈ Gp tbd{}r	1Ł{¥z	«";·tv{¥;w1r${­r	Ł{­¼Łfwﬁ©@p
s(a) := (s0a0s
−1














Stab(J(a)) = {s ∈ Gp : sJ(a) = J(a)}
4ºp/tb1f3df ½1wd{¥t{­ŁwŁ«"juxdwdŁ®­fŁ´d¹ºf®}rgb1<¼;fjtvb1t









Orb(J(a)) := {sJ(a) : s ∈ Gp} ⊂ Jp
w1]tvbdf|@xdtv{¥fNw;t Gp/Stab(J(a))















Ł·tv{¥;w>«ºŁw>fN®¥fNegfNw;t%« Gp ´EtbdfNw>tvbdfg;rrs{­tvfNﬁ«¬;zf<rutrjzvf({}sfw;tv{}®  F (a) = F (b) ¸3k¾Łzvf¼Łfz<´1tbdf- ;w@¼ŁfNzvrf{}r
tzvxdf ﬂ{¥«
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a = (a0, . . . , an) ∈ IAp ´d¹ºf3b1G¼Łf
Stab(J(a) = Stab(PT (a)) = {11} × Stab(B(PT (a)))
 [    cjkla "$Da2" d ﬂ '(. ﬀ\_ﬀLc ﬂdc2	"`a2"
²dzvŁetb1fB²1fpqwde5ws¨³3Ł$e-fNwd¨Y½1fN®­5d1zGµs{¥e5t{­ŁwgSŁ{­w;tº«»¼q{¥fN¹3´uxdwdŁ®­fNrﬂ{¥w An,q sfNrv zv{­©Sf$tzufN·tvŁzv{­fNrK«E«We-{¥®­{­fNr
«Hzt{} ®­fNr(¹	{¥tb°dzvfNrv zv{­©SfN!;Ł®¥f<r fNw1 f/1z;Sfzt{­fNrN¸§w°1zt{} x1®­ŁzN´tu¹º§tzGuf<·tvŁzv{¥f<r3tb1t-zvf]fN|@xd{­¼®­fw@txdwHsfz




f ∈ Fp ´;«¬ŁzrŁe-f{­w;tvfŁfNzºrfN|@xdfNw1 f p ∈ Vn+1 ´
¹	bdfw
f










f = Tm11 ...T
mk
k , m1 + ...+mk = p0
_f t%x1rPŁ®­rﬀvbdq@r¯fŁz©d{¥tzzvpﬀzvfdzvfNrfw;ttv{¥;w1r






































f ′ = (T ′1)
m1 ...(T ′k)









#(f) = #Orb(f ′) = # {g ∈ Jp : ∃s ∈ Gp rN¸ tN¸ g = sf ′}
tBxdf%tvgtvbdf ®}Łrvrº«¬;ze(xd®}d´s¹f3®}rg¶qwdG¹[tb1t



























































T ′′i = PT (a
i)
´<¹	{¥tb
1 ≤ i ≤ p0 ¸
wﬀtvbd{­r	w1tvt{­Łw_´s¹f%b1G¼ŁfPtb1t
f ′ = T ′′1 ...T
′′
p0 = PT (a








Stab(PF (a)) = {s ∈ Gp : s(a) = a}
w1]«¬;zwqp
s = (s0, . . . , sn+1) ∈ Gp ¹ºf3b1G¼ŁfPtb1t












s(1) ∨ . . . ∨ s(p0)) ´d{­wﬀtvfzve-r	«"rŁe-f%Sfzve(xstvt{­Łwr¯f<|@xdfw1fNr
s(i) = (11, s
(i)






1 ≤ i ≤ p0 ¸wtvfzve5r«Ktbdf(®­f¼ŁfN®1ŁzvŁe-f tfNz
1 ≤ l ≤ (n+ 1) ´d¹ºf®}r¯gw1t{} f%tb1t
sl = s
(1)








l ∨ . . . ∨ s(p0)l
)






















s(1) ∨ . . . ∨ s(p0)
)




J(s(1)(a1)) . . . J(s(p0)(ap0)) = J(a1) . . . J(ap0)
a$bd{­r	{}r	®¥f<zv®¥p/fN|@xd{­¼®­fw@t$t-tbdf%«WŁ t$tvb1t
J(s(i)(ai)) = s(i)J(ai) = J(ai)
«¬Łzwqp
1 ≤ i ≤ p0 ¸a$bd{}r$pq{­f®}drtvb1t	«¬ŁzŁw@p 1 ≤ i ≤ p0 ´d¹ºf3b1<¼;f
s(i) = (11, s
(i)
1 , . . . , s
(i)
n+1) ∈ Stab(PT (ai))
«¬z;e ¹	bd{}vb¹ºf ŁwH ®­x1sfPtvb1t	tbdf3e5Łdd{­wd
s ∈ Stab(PT (a1) . . . PT (ap0)) ∩ ({1p0} × G(p1,...,pn+1))
↓(
s(1) ∨ . . . ∨ s(p0)) ∈ Stab(T (a1)) ∨ . . . ∨ Stab(T (ap0))
{­rwﬁ{}r¯;e-Łzvdbd{­re¸"a$bd{}r	fw1dr$tb1f3dzs««tvbdf3®­fe-e-1¸
a$bdfP½Hzvr¯t q;zvd{¥w1tfPe5dd{­wd













m1 × . . .× Stab(T ′k)mk) ∼ (Gm1 ∨ . . . ∨ Gmk)










 M  
/( 
|Stab((T ′1)m1 ...(T ′k)mk)| =
k∏
i=1
(mi! |Stab (B(T ′i ))|mi)
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T = B−1(f)
ﬁ \  ﬀ
s(T ) = s(B−1(Tm11 ...T
mk
k )) = (m1, ...,mk)







s(f) = Tm11 ...T
mk
k
 	(  	 ﬂ (

  ]") !	 &' ',ﬂ & '







s(T1), . . . , s(T1)︸ ︷︷ ︸
m1
tvfzve5r




















































s(f ′) := s(f)
¸
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|Stab(B(T ′i ))| =
n−1∏
j=−1

























s(Bj(f ′)) = (s(Bj(T ′1)), . . . , s(B
j(T ′1))︸ ︷︷ ︸
m1
tfzve5r
, . . . , s(Bj(T ′k)), . . . , s(B





















tbdfNŁzvfe {}r$w1G¹  ;eg1®¥ftfN_¸
 [   c2ﬀLa  'hc(dfehghiﬁa c2'jc2	"$%_ba ﬀIa!k]dm_









´ Gk ´d{}r$tb1f3ŁzvŁx1]tvb1t{}sfNw;t{¥½1f<r´H;r	-rf t<´d¹	{¥tb Gk ×Gk ´1Łw1ﬁ¹	bdfzvfPtvbdf
dzdsx1·t	{}rsf ½1wdf<ﬁ©@p





´»w1>{ « Gk Ł tvrB©qpSfzve(xstvt{­Łw>;w Sk ´Stb1tP{­rN´E{ ««¬Łz%wqp s ∈ Gk wH
w@p
(x1, ..., xk) ∈ Sk tvbdfŁ t{­Łwﬁ« s Łw (x1, ..., xk) {}r$;{¥¼ŁfNwﬀ©qp
s(x1, ..., xk) = (xs−1(1), ..., xs−1(k))
¹ºfPtvbdfwb1G¼ŁfŁ´q«¬;zwqp
(g1, ..., gk) ∈ Gk
s(g1, ..., gk)s
−1(x1, ..., xk) = s(g1, ..., gk)(xs(1), ..., xs(k))
= s(g1xs(1), ..., gkxs(k))















mk ∈ PFp \   !ﬂ
	   (n+ 1) \   ﬃﬂ   ﬀ









ﬂﬁl"  (ﬀ 	Bﬂ	
p ∈ Vn+1 m(
. 	.)   s 	
', 2N 	 '
Stab((T ′1)
m1 ...(T ′k)
mk) ∼ (Gm1 < Stab(T ′1) >) ∨ . . . ∨ (Gmk < Stab(T ′k) >)
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
	Bﬀ$  Gp ﬀ (Gm1 < Stab(T ′1) >)∨


















































































i ≥ 1 ¸
w[;fwdfNzvŁ®Y´tbdf fe(©SfN1s{¥w1
s0 ∈ Gp0 ↪→ s0 ∈ Gp
{}rs{ uEfzvfw@tﬁ«¬zvŁe)tbdf!w1Łwd{}Ł®jfNe(©SfNds{­wd
s0 ∈ Gp0 ↪→






µ : Stab(f ′) 7→ (Gm1 ∨ . . . ∨ Gmk)×
(
Stab(f ′) ∩ ({1p0} × G(p1,...,pn+1)))








({1p0} × G(p1,...,pn+1))) {­rB{}r¯;e-Łzvdbd{}Pt/tbdfHfNze(xdtvtv{­Łw
ŁzvŁxd
Stab(T ′′1 ) ∨ . . . ∨ Stab(T ′′p0)
¸a$bdfNzf«¬ŁzvfŁ´@tvbdf3Sfzve(xstvt{­ŁwrfN|@xdfwH f
ss−10 = (1p0 , s1s
−1






s(1) ∨ . . . ∨ s(p0)
)






0 ∨ . . . ∨ s(k)0 ),
(
















s(m1+1) ∨ . . . ∨ s(m1+m2)
))






s(m1+...+mk−1+1) ∨ . . . ∨ s(m1+...+mk−1+mk)
))
Ojwﬀtbdf3ŁtbdfNz$bHw1»´d¹ºf3b1G¼Łf























































0 = (1p0 , r1, . . . , rn+1)
¹	{ tvb-rfN|@xdfNw1 f%Ł«e-Łdd{­wd;r
(1p0 , r1, . . . , rn+1) =
(
r(1) ∨ . . . ∨ r(p0)
)




r(1) ∨ . . . ∨ r(m1) = t((s(1)0 )−1(1)) ∨ . . . ∨ t((s(1)0 )−1(m1))








































0 ◦ t(1)0 ,
(






0 ◦ t(2)0 ,
(
(s(m1+1) ◦ t((s(2)0 )−1(m1+1))) ∨ . . . ∨ (s(m1+m2) ◦ t((s(2)0 )−1(m1+m2)))
))































t(m1+1) ∨ . . . ∨ t(m1+m2)
))}
∨ . . .
w1]tvbdfa$bdf;zfNe«¬Ł®­®¥¹r¸





w@xde(©Sfzj«"«¬;zf<rutr	{­w>wqp Fp r1tvbdf(Nzs{­w1®}r |Fn,q(r)| rSŁz	tvbdf(w@xde(©SfzjŁ««¬;zf<rutr	{­w Fn,q ¹	{ tvb>5;{¥¼ŁfNw¾ @®­fNrv fNw1 f
sf;zff;¸"hBt{} f;´s©@p5tvbdf%¹GpŁ´@tvb1t$tvbdf%wdtv{¥;w1r«;Ł®¥f<rfw1fjrfN|@xdfNw1 f%wHﬀsf;zfNfŁ´sŁr$sf½1wdfNﬀ{­wﬀtbdf%w@tzvssx1·tv{­Łw
«¬ŁzrfN|@xdfwH fNr$Ł«e-Ł1r${­w An,q ´1w1]«¬;zf<rutr{­w Fn,q ´dŁ-G¼ŁfNztv5zv©d{¥tzzvpg«¬ŁzvfNr¯tvr	wH]tzvffNrN¸
¤
f3®¥ft 〈S〉 ©SfPtvbdf ;e-e(xstvt{­¼Łf%e-Łwd;{­ﬀŁfNwdfztvfN]©@pﬀ-rxd©1rf t««¬;zfNr¯tr S ∈ F
〈S〉 = {fm11 . . . fmkk : k ≥ 0,
w1 ∀1 ≤ i ≤ k mi ≥ 0 w1 fi ∈ S}
¹	{ tvb¾tbdfŁwq¼Łfw;tv{¥;w





¸hBtv{­f3tvb1tBtvbdfzvf{}rj/w1Łwd{}Ł®_e5¾«¬z;e 〈S〉 t F ´S¹	bd{}vb>{}r
wfe(©Sf<ds{­wd1´1f;¸ H¸ﬂ{¥« S {}rB5r¯ftŁ«   s{}rutv{¥wH·t  tvzfNfNrN¸ ¤ f(Ł®­r5 ;w1r{­sfNz5rf tB«"¼Łz{}©1®¥f<r χ(T ) {­w1sfµqf<ﬁ©qp]tbdf(rf t
«tvzff<r
T ∈ T ´1w1ﬁ¹ºf%®­f t M [T ] ©Hf%tvbdfr¯ft	Ł«eg;wdŁe-{}®}r$sf½1wdfN;r«ã;®­®¥¹r
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k ≥ 0 ©qp
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
p ∈ Vn h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4f «¬;zf;f tt{­wd!{¥w@t!tbdf>dzvq«PŁ«jtvbd{}r5zvfNrxd®¥tN´$¹ºf¾wdŁt{} ftbHt/tbdf¾«¬Łzve(xd®} r¯tvtf< {¥w tbdf§©S¼ŁfdzvŁS;r{¥t{­Łw














































p ∈ V1 ´d¹ºf%b1G¼Łf
|Fp| = #




























(m− 1 + k)!








(|Fp| − 1 + kp)!











(|Fp| − 1 + k(p))!
(|Fp| − 1)! k(p)!

 xPp∈V?n k(p) B−1(p)
a$bd{­r	{­eg1®¥{­fNr$tvb1t	tbHt	«¬ŁzŁw@p









(|Fq| − 1 + k(q))!


























£º¤ fŁw1r{­dfztvbdfrf t S(n) «"®­®EtvzfNfNr$¹	{¥tbbdfN{¥;b;t®¥f<rr$;z$f<|;xH®Etv n
S(n) = T ?(n) := ∪−1≤k≤nT (k) = {∅} ∪
(∪p∈V?n:p0=1Tp)
= {∅} ∪ (∪0≤k≤n ∪p∈Vk:p0=1 Tp)
a$bdf(rf tj«K«¬ŁzvfNrutrŁfw1fztf<ﬁ©@p S(n) Ł{­w1 {}sf¹	{¥tb¾tvbdfrf t F?(n) «®­®_tvbdf«¬ŁzvfNr¯tvr¹	{¥tb>bdfN{¥;b;tj®­fNrrBŁzBfN|@x1Ł®_t
n
¸a$b1t	{}rN´s¹ºf3b1<¼;fjtvb1t
〈S(n)〉 = F?(n) := ∪−1≤k≤nF(k) = ∪−1≤k≤n ∪p∈Vk Fp
agt¶ŁfPtb1f%½1w1®r¯tf´s¹f3 ;w1r{­sfNztvbdf3e5dd{­wd


































































































& Fp[q] := Fp ∩ c−1(q)  !	ﬂﬂ ]" "

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∀p ∈ V C(p) := c(Fp) =
{
q ∈ NN : Łw1 q ≤ (B(p)− 1)+
}
\ 
(B(p)− 1)+ = ((pk − 1)+)k≥1
("
&



































































¸"²{­zrutv®¥p;´q¹ºfPwdŁt{} fjtvb1t Fp =
∪q∈C(p)Fp[q]
´dwH





























































































































hBt{} fPtbHt$tvbdf QB{¥®­©Sfztr¯fNz{­fNrºtvfNbdwd{­|@xdfwﬁ©Sf3sf¼Łf®­ŁSf</t5wqp/ŁzsfzŁ«zvf ½1w1fe-fw@tN¸²d;z$f µdŁegd®­fŁ´s{¥t ;xd®}
©SfBxHr¯f<-t(tvŁ¶ŁfB{­w;tv; ;xdw;t<´@©SfNr{­sf<rtvbdfjw@x1e(©Sfz«¼Łfzt{} fNrﬂ;zº«;®­fNrv fNw1 f<rtºf<Łb/®¥fN¼Łf®9´;tvbdfPŁzvs{­w1Ł®­r
#(f)
´
r¯ﬁtvb1t3tvbdf/qf / {­fw@tvr3«ºtvbdf xdzvfw@t3f µs1Łw1r¯{­Łw±«ºtvbdf5e-fN;r¯x1zf<r
QNn,q
 ;xd®}©Sf5zf<Ł»´{­w±tbdf5fNw1»´fw@t{­zvf®­p>;w
tbdfPŁzvzf<r¯SŁwHs{¥w1 Q{­®­©Sfzt$r¯fNz{­fNrN¸ ¤ fj®­fNG¼ŁftbdfjtvŁr¶-«_fµq1zf<rr{¥w13tbdfjzvfNxdzr¯{­¼Łf	«¬Łzve(xd®}3t(tbdfP{¥w@tfzvfNr¯tf<5zvfNŁdfz<´










 [  	 d   ﬂdc2	"`a2" ﬁﬀ'ﬀ\_" k]dm_"
w§tbdf-dzvfNrfw@t%rfN t{­Łw_´w1>tb1f«¬;z¯tvb1 ;eg{­wdﬀ;wdfŁ´_¹ºftvŁ¶Łfg;s¼Łw;tŁf«ﬂtbdf-®}wd@Łf(Ł«ﬂtzvffNr%Łw1>Ł«ﬂtbdf-zf<r¯x1® tr
Ł©st{­wdfN±Łw±tbdfN{¥z(r¯tvt{}rutv{}r%t> ;e-dxstf-tvbdf5½1zvr¯tŁzsfzrPŁ«ºtvbdf xdzvfw@t%«¬xdw1 t{­Łw1Ł®zvfdzvfNrfw@tvt{­ŁwŁ«
QNn,q
Łw1»´





q ≥ 4 ´$r¯±tbHt5tbdf¾wdŁtvtv{¥;w q sfwdŁtf<r´º;w1 f¾Ł;{­w_´tvbdf> ŁwHrutw;t/rfN|@xdfwH f«P®­fwd;b;t n
Łrvr¯s{­tfNt
q





¸Pa$bdfNzf({}rB;wd®­pﬁŁwdf«¬;zf<rutj{­w Fq ¹	{ tvb§Łwd®­pﬁ;wdf @®­fNrv fwH fŁ´StP®¥fN¼Łf® i ´
tb1t%¹	{¥®­®"©Sf¹	zv{¥t¯tfNw
f1,i
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(D1q−1 ⊗ γn)(F )(x1, ..., xq−1) =
∫











hBt{} f/tb1t Bsym0 (Eqn)
Łw@tv{­w1r3tb1f]rf t«$«¬xdwH·t{­ŁwHr
F = (P )sym
´"¹	{ tvb





















fp = (gp − ηn(gp)) ¹	{¥tb gp ∈ Bb(En)




F ∈ Bsym0 (Eq0)



















 Ł1{¥f<r«1tvbdftzvff$¹	{ tvbtbdf	zqŁt";rxdwd{}|;x1f$¼Łfztf µ»¸²d;zKr¯pqe-e-f tvz{}ﬂtfNw1rŁz"dzvssx1 t«¬xdw1 t{­Łw1r
F = (f1⊗ . . .⊗f q)sym ´
Łrvr¯s{­tfN¹	{ tvb ¾ Ł®­®­fN·tv{¥;w±Ł««¬xdw1·tv{¥;w1r






















2 Q0,q(F ) = E(W0(f














Łw>tvbdf 4$Łw1Łb§r1Łf«ﬂ«¬xdw1·tv{¥;w1r Bb(E0) ´_rx1vb§tbHtP«¬;z%wqp¾1{­zP«ﬂ«¬xdw1 t{­Łw1r (ϕ,ψ) ∈
Bb(E0) ´ E(W0(ϕ)) = 0 ´1Łw1 E(W0(ϕ)W0(ψ)) = η0(ϕψ) ¸Kwﬁtfzve5r$Ł«tbdf d®}ŁfPe-Łe-fw@t	;fwdfNzvt{­wd«¬xdw1·tv{¥;w




















































































































∆fn,q(F ) = ∆
g
n,q(D1q−1 ⊗ γn)(F )
¹	bd{­b{­r	fN|@x1®»t5g{¥«
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(&  qﬂK ﬃ 	`ﬂ
q ≤ N ﬁ (&,	 &' ',ﬂ   m"   
   F ∈ Bsym0 (Eqn)
m ! q









#% `, (ﬀ 	Bﬂ	
q ≤ N G(b!  s',q	     )`





k ≤ bq/2c 







{­rBŁwfN¼Łfw¾{­w;tfNŁfNzN¸ ¤ f Łw1r{}sfzB/ ;®­®¥f<·t{­Łw¾«K{¥w1dfSfw1dfw;tP;Łx1rr{}wﬀ½1f®}dr
(Wk)0≤k≤n
Łwtbdf4$w1;vb¾r1ŁfNr




¤ f>®}r±{¥w@tzvssx1 fﬁtvbdf> fw@tfNzfN¦@x1rvr¯{}Łw ½1f®}
Vn






























w]tbdf3Ł©SG¼ŁfPs{}rd®­GpŁfN/«¬Łzve(xd®}d´@tvbdfP½1zvr¯t	rxde {­r$G¼ŁfNzºtbdf3rf t I «®­®E1Łz¯tv{ tv{¥;w1r I = (Ik)0≤k≤n « [q] {¥w@t (n+ 1)
©d®¥dv¶sr¹	{¥tb§Nzs{¥wH®­{ tup |Ik| = (2rk) ´Ew1tbdfgr¯f< ŁwH¾r¯xde zvŁwdŁf<r	G¼ŁfNz	tvbdfrf t Ik «ﬂ®­®Hzt{¥t{­Łw1r Jk Ł«"tb1frf tvr
Ik
{­w;tvﬁ1Ł{¥zrN´E¹	{¥tb


















































































¨ªe-fNwfNzzvŁzfNr¯t{­e5tf<rdzvfNrfw@tf<({¥w o 1´Ła$bde¸P<q¸ 1¸ýqpª´¹	{ tvb
























e-Łdd{­wdgtvbdfŁzvfe´dŁe(©d{­wdfNﬁ¹	{ tvb¾r¯{­e-d®¥f3xdwd{¥«¬Łzve {­w;tfNŁz©d{­®­{ tup]zvŁxde-fNw;tvrN´sŁwdf3bdfN¶srtb1t



















«¬ŁzvfNr¯tvrP¹	{¥tb ﬁr®­{¥;b;t®­p>e-ŁzvfgŁe-d®­f µrutvzx1 txdzvftbHwtbdf/ ®}Łrvr¯{}Ł®Łwdf<r¸ghje-f®­pŁ´_¹fgb1G¼Łftvﬁ{­w;tvzsdx1 f-Ł®­ŁzvfN
tzvffNr$Łw1/«¬ŁzvfNr¯tvr
 




wdf¹&;©quf<·tvr/zvfﬁ{­w;tzvssxH fN wH rutvx1s{­fN {¥w tbdf½1zrut-tu¹º!rxd©1rfN t{­Łw1rrdd®­{}tv{¥;w1rtv±tbdf¾1tb r¯1; fŁw1°t
dz;1@t{­Łw]Ł«"vb1Ł;r$dz;Sfzt{­fNr$Łzf%H@rutvSŁwdf</tvgtvbdf3®­;rut$tvbdzvff3rfN t{­Łw1rN¸
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 Ł®­ŁzvfNtzvffNrN¸"Brﬂ3ŁfNwdfz®dzx1®¥f;´Ł¹f¹	{¥®­®1¹	zv{ tvfB%®­{¥w1f¼Łfzﬂr¯pqe(©S;®­rﬂŁrvr¯s{­tfN(tv( Ł®­ŁzvfNtzvffNrﬂw15 ;®¥;zf<(«¬ŁzvfNr¯tvrN¸
²d;z${¥w1r¯tvŁw1 f;´s¹ºfP¹	zv{¥tf
















p = (pk)k≥0 ∈ (N2)N
´¹	{¥tb





k ≥ 0 ´1rvtv{­r¯«¬pq{¥wdgtbdf%«¬;®¥®­¹	{¥wd-dzvŁSfztup












n ∈ N ´s¹ºf%sfNwdtvfP©@p Vn ⊂ V tb1f%rxd©1rf t	«rfN|@xdfwH fNr p r¯xHvb]tvb1t$tb1fPb1f{­Łb;t	« p ´ ht(p) ´s{}rf<|;xH®St n ¸
²{­w1Ł®¥®­pŁ´1¹ºf3®­f t T p ©Sf%tb1frf tB«K ;®¥;zf</tzvff<r T ¹	{ tvb vk(T ) = pk ¹	bd{¥tf¼Łfzt{} fNrN´1w1 v′k(T ) = p′k
©d®­;v¶]¼;fzt{} fNrN´
tPf<Łb>®­f¼ŁfN®












¸hBt{} f%tbHt	tbdf(r¯ft	Ł«©d®}Ł¶]w1ﬁ¹	bd{ tvf3¼Łfzt{} f<r	t	f<Łb
®¥fN¼Łf®
k
{­r	{¥w©d{ ufN t{­Łw¹	{ tvbﬁtbdfs{}rWuŁ{­w;txdwd{­Łw











p ∈ Vn+1 ´@®¥ftﬂxHrﬂŁ®¥®9´;©@p-wH®­ŁŁp(¹	{ tvb-tvbdfBxdw1 ;®¥;zf<-ŁrfŁ´;d®­Łw1zº Ł®­ŁzvfNtzvffNr T Ł«StupqSf p wqpgr¯f<|@xdfw1f
«e51r























(∅‘∅) = ∅ ´
w1




p ∈ Vn+1 ¹	{¥tb p0 = 0, p′0 = 1
´d¹f%b1G¼ŁfPtb1t
PT p



































































k+1]) ´Bd®­Łw1zﬁ Ł®­ŁzvfN «¬ŁzvfNr¯tvrﬀzvf>{­w ©d{ ufN·tv{­Łw
¹	{ tvbrfN|@xdfNw1 f<r$«"s{}r¬u;{¥w@txdwd{­ŁwﬁŁ«¹ºfNŁ¶q®¥p/{­w1 zvfN;r¯{­wdge-Ł1rN´s{­wﬀtvbdfr¯fNw1r¯fPtvb1t
 
¹	{ tvb¾r¯fN® «ã¨ªf µsd®}{­wd{­wdgwdŁtvt{­Łw1r

PFp ' IAp :=
{
(a0, . . . , an) ∈ Ap : ak = (ak‘a′k)
¹	{ tvb
ak ↑ Łw1 a′k ↑
}
«¬Łzwqp
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(i, i′) ∈ ([pk+1]∐[p′k+1])   (j	
  
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J(a)
  
   (  	B
	 ﬂ m
  mK qﬂ0	 
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Ojw1fP@{­w_´;tb1fPwdttv{¥;w]¹ºfPx1r¯fP;wﬀ ;®¥;zf<-«¬ŁzvfNrutrºf µqtvfw1drºtvgŁ®­ŁzvfN%uxdwd;®¥f<r{¥wﬁgr¯fN® «ã¨ªf µsd®}wHt;zpg¹GpŁ¸K²d;z
{¥w1r¯tvŁw1 f;´ J p ´ p ∈ Vn+1 ´Erutw1dr«¬ŁzBtbdfgr¯ftj«Ł®­ŁzvfNuxdwd;®¥f<r j ¹	{¥tb vk(j) = pk ¹	bd{¥tf¼Łfzt{} fNrN´Sw1 v′k(j) = p′k
©d®­;v¶]¼Łfzt{} fNrN´dtfNŁbﬁ®¥fN¼Łf®
0 ≤ k ≤ (n+ 1) ¸²1Łzwqp p ∈ Vn+1 ´d¹ºf®}rgb1<¼;fjtvb1t J p ' Ap ¸
Ojxdz_wdfµ@tŁ©sufN t{­¼ŁfK{}rEtv	e5¶ŁfKe-Łzvf"dzvfN{­rftvbdfﬂ®­ŁfN©dz{}d{}·txdzvfKŁ«@tbdf<r¯fŁ©sufN tvrN¸²d;z_Łw@pB{­w;tvf;fzr
p, p′, q, q′, r, s
´
w1ﬁŁw@p]d{­rWuŁ{­w;te5Hr
a = (a‘a′) ∈ [r][(p,p′)] Łw1 b = (b‘b′) ∈ [s][(q,q′)]
¹ºf%®­f t
(a ∨ b) ©SfPtvbdfs{}r¬u;{¥w@t	x1wd{¥;wﬁŁ«e-Ł1r
(a‘a′) ∨ (b‘b′) = (a ∨ b) ‘ (a′ ∨ b′) ∈ [r + s][(p+p′,q+q′)]
htv{­f3tvb1tjtbdf(1z;HfNz¯tupﬀ«©HfN{¥w1/¹ºf<¶q®­pﬀ{¥w1zf<Łr{¥w15{­rBdzvfNrfzv¼ŁfNﬁ©@pﬁtbd{}rj ;w1r¯tzvx1·tv{¥;w_¸	k¾;zfŁfNwdfz®­®­pŁ´d«¬ŁzPw@p
p ∈ V ´1wH q ∈ V ´1w1w@pﬀr¯f<|;x1fw1fNr a = (ak)k≥0 ∈ Ap ´1wH b = (bk)k≥0 ∈ Aq ´d¹ºfr¯ft
a ∨ b = (ak ∨ bk)k≥0 ∈ Ap+q   H¸ ;
w/tbdfPŁ©SG¼Łfjs{}r¯1®­GpŁfN-«¬;ze(x1®­1´;¹fBbH<¼ŁfBxHr¯f<-tvbdfPŁw@¼ŁfNw;tv{¥;w1r












a ∈ IAp Łw1 b ∈ IAq ´stbdfNw a ∨ b ∈ IAp+q ¸
a$bdf(e5{­w>;s¼Łw;tvŁŁf3«Ktbd{}rjŁ®¥;f©dz{}%r¯tzvx1·tvxdzvf®¥{­fNrB{­w¾tbdf«¬;®¥®­¹	{¥wd/wd;w> ;e-e(xstvt{­¼Łf(Łe-S;r{ tv{¥;wﬁ«¬;ze(xd®}
{¥wﬁtbdfrf t«"Ł®­ŁzvfNuxdwdŁ®­fNr
J(a)J(b) = J(a ∨ b) ∈ J p+q
htv{­f"tvb1twqpB1Ł{¥z_«qSfNze(xsttv{¥;w1r
(s, s′) ∈ (Gp × Gp′) w%©Sfﬂr¯fNfw3Łr_$1Ł{¥z_«qe5Łdd{­wd;r (s, s′) ∈
(















w ©Sfﬀrffw°Łr¾SfNze(xsttv{¥;w!e5 «	tb1fﬀrf t
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 (& !  l"K 	 ﬂ  ')`ﬁ 		
a ∈ [r′][(p,p′)] ) 
b ∈ [s′][(q,q′)] m/( . ! ' (q	   ,"
 '  
(σ ∨ τ) ◦ (a ∨ b) ◦ (ρ ∨ θ) = (σ ◦ a ◦ ρ) ∨ (τ ◦ b ◦ θ)






a ∨ b) ◦ λ ∈ ([r′][(p,p′)] ∨ [s′][(q,q′)]) =⇒ λ ∈ (G(p,p′) ∨ G(q,q′))
a$bdf3t¹º]Łrvr¯fNz¯tv{¥;w1r$Łzf35s{­zvfN·tj Łw1rfN|@xdfNw1 f3«tbdf(sf½1wd{¥t{­Łw¾«tvbdf ∨ dzvssx1 tN¸ﬂwﬁtvbdf3½1zrutf<|;xHt{­Łw¾©S¼ŁfŁ´
{ t	rbd;xd®­]©HfPxdwHsfzrutvqs-tvb1t







  [  gfaNd, dc2' hk "  %mc!dmg'(" dm_ i d,.]dc2%e   gh_%,.&	"











p ∈ V n+1 ©Sfg/rfN|@xdfNw1 f(Ł« (n + 1) {¥w@tfNŁfzj1Ł{¥zr pk = (pk, p′k)
´S¹	{¥tb




Gp = Gp0 × Gp1 × . . .× Gpn+1
a$bd{­r];z;xd ;·tvr]w1tvxdz®­®¥p¦;w rfN|@xdfNw1 fNr]«3e5Ł1r
a = (a0, a1, ..., an) ∈ Ap ´BŁw1 ;w uxdwd;®¥f<r J(a) {­w J p ©qp
Sfzve(xstvt{­Łw «tb1f/Ł®­ŁzvfN§¼ŁfNz¯tv{­fNrtf<Łb±®­f¼ŁfN®Y¸ﬀk¾;zfg«¬;ze5Ł®¥®­pŁ´«ã;z(wqp









a¹B Ł®­ŁzvfNºuxdwd;®¥f<r{¥w3tb1fºrŁe-fŁzv©d{ txdw1sfztvbdfºŁ t{­Łw3« Gp b1G¼ŁfKtb1fºrŁe-fKx1w1sfzv®­p@{­wdBŁ®­ŁzvfNj«¬ŁzvfNr¯tN¸ºŁwq¼Łfzr¯fN®¥p;´
{ «t¹5 Ł®­ŁzvfNuxdwdŁ®­fNr	{¥w J p b1<¼;fjtb1f3rve-f%xdw1sfNz®­pq{¥wd5 ;®¥;zf<5«¬ŁzvfNr¯tvrN´qtbdfNp]d{ uEfzŁwd®­p/©qp]gSfzve(xstt{­Łwﬁ«tvbdf













	. 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 '  ﬀ   	-  ﬁ	 Gp 
 U
 ﬂﬂ  \  Kj"

	  	   Fp
hBt{} f5tvbdf5«¬;®¥®­G¹	{­wd>ŁzvŁ®­®­Łzp>«$tbdf]®¥fNege5 ({¥«
f ∈ Fp ´¹	{¥tb p ∈ V n+1 ´{­r(> ;®¥;zf<§«¬ŁzvfNr¯tN´tbdfNw!¹ºf]Łw
sf ½1wdf3xdwHe(©d{­Łxd;x1r®¥p





{¥w J p ¸
jrg«¬;z5x1r¯x1Ł®$tzvff<r5w1°«¬;zf<rutr´º¹ºf¾¹	z{¥tf
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ﬁ
s(Bi(f))!
 











) ∼ Gm1 < Stab B(T
′
1) > ∨ . . . ∨ Gmk < Stab B(T
′
k) >
  [   _ﬁﬀ\_ﬃﬂ !ﬀ\i#"$	 k&%c!dmg'("
w tvbd{­r¾r¯f<·t{­Łw´tvbdf±1ze-f tvfz
n ≥ 0 zfNdzvfNrfw;trﬀ ½1µqf< tv{¥e-f±bd;z{ V;w_¸²1Łzwqp rfN|@xdfNw1 f«{¥w@tfNŁfzr q =
(q0, . . . , qn) ∈ Nn+1 ´1wHﬁw@p −1 ≤ m ≤ n ´d¹ºf3rf t


























(x10, . . . , x
q0
0 ), . . . , (x
1
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0 ≤ p ≤ n ´ γqp
{}r	gS;r{¥t{­¼Łf%egf<ŁrxdzvfPŁwﬀtvbdf3dzdsx1·tr1; f
Eqp =    E
q0
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 qﬂ 
Qqp1,p1 = Id
(  `





























  [   8_j_ dc ﬁﬀ3.]k%e 'ﬀGcNa!k]i.& ﬁﬀ3" g c 	"
w%tvbd{­rrfN t{­Łw_´G¹ºfﬂsfNz{­¼Łfﬂ$«¬xdw1 t{­Łw1Ł®Łzvf1zf<r¯fNw;tvt{­Łw3w1ﬀxdzvfw@tf µs1Łw1r¯{­Łw%Ł«s1zt{} ®­fKtfNw1r¯;z_1zsdx1·te-fN;r¯x1zf<r
Łwﬀtb1f%Htb¾r¯HŁ f3r{¥e-{­®­Łztvgtb1f3Łwdf<r$Ł©st{­wdfNﬀ{­w¾nqf<·t{­;w¾s¸ýs¸
w tvbdf/«¬xdztbdfNzsfN¼Łf®­Łde-fw@t(Ł«$tbd{}rr¯f<·t{­;w_´tbdf/tv{¥e-f]bd;z{ V;w
n ≥ 0 {}r(½dµsfN!1ze-f tvfz<´w1 ¹ºf]®¥ft q =













n,q : F ∈ Bb(Eqn) 7−→ Q
N




























´ |q| = q0 + q′0
´
































J(a) ∈ J q
\ 
a = (a0, a1, ..., an) ∈ Aq bﬁ -ﬁ 
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k, . . . , y
q′k
k )) = F ((x
ak(1)
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(  	 m ! q(
∀(σ0, . . . , σn) ∈ (Gq0 × . . .× Gqn) F = (Dσ0 ⊗ . . .⊗Dσn)F













   !
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0 ≤ p ≤ n 
hBt{} f%tb1t Bsym0 (Eqn)
Łw;t{­w1rtb1f%tfw1rŁz	dzvssx1 t
(Bsym0 (Eq00 )⊗ . . .⊗ Bsym0 (Eqnn )) =
{
F0 ⊗ . . .⊗ Fn : ∀0 ≤ p ≤ n Fp ∈ Bsym0 (Eqpp )
}










∀F ∈ Bsymb (Eqn) ∀s ∈ Gq ∀f ∈ Jq ∆fn,q(F ) = ∆s(f)n,q (F )
4ºpﬀ ;w1rutvzxH·t{­Łw´q¹f3®}rgb1G¼Łfjtvb1t



















´qtvbdfrf t«" ;®¥;zf<5«¬;zf<rutr Fq(r) ¹	{¥tb®­fNrvrtb1Łw rk ;Ł®¥f<rfw;t	fNsŁf<r	t	®­f¼ŁfN® k {}r	Ł{­¼Łfwﬁ©@p
Fq(r) := ∪l≤rFq[l]
a$bdf3 @®­fNrv fwH fPdfŁzvffPŁ«- ;®¥;zf<5«¬ŁzvfNr¯t
f ∈ Fq[l] ´d{}rtbdfrxde |q′ − l| Ł«tvbdf ;Ł®¥f<rfw1fjŁzsfNzvr«{ tr$¼ŁfNz¯tv{­fNrN¸










«¬ŁzvfNr¯tB{¥w Fq b1;rf µd;·t®­p |q| ¹	bd{ tvf(®­fNG¼ŁfNrN´1{¥« |q| > (2d) ´Htvbdfw>{¥tPŁw;t{­w1rBtB®­fN;rutjŁwdftzv{¥¼q{}®Ł®­ŁzvfNﬀtvzfNf¹	{¥tb§
¹	bd{ tvf3®¥f<«u¸
hBf µqtN´@¹ºfBs{}rv x1rvr"tvbdfjr¯{¥tx1t{­Łw5¹	bdfzvf |q| {}rﬂŁw-fN¼Łfw5{¥w@tfNŁfz<´;Łw1-¹ºfBb1zŁ tfNz{ Vftb1fBrxd©1rf tﬂŁ«E«¬ŁzvfNr¯tvr   {¥w Fq  ´
¹	{ tvb!¾ ;Ł®¥f<rfw1f-sfNŁzvff
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S 2 
#%f(&
q = (q0, . . . , qn)
 \   |q| ≤ N %  (& F ∈ Bsymb (Eqn)



































U--  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&  
  (ﬀ 	B
 |q| ≤ N b  (&,	 &' ',ﬂ  b"   
   F ∈ Bsym0 (Eqn)
m/( 












\   !  ﬃ 	B
j	ﬂ

ﬂﬁ ‖t‖ = (|tk|)0≤k≤n
ﬁ,($	









	 |q| ≤ N  !!  %')	  ]    -ﬂ  q





k ≤ b|q|/2c 







∂|q|/2Qn,q(F ) = E
((




































⊗qn−1 ⊗ (γNn )⊗qn
]
(ϕ)
























































































































































s(|f |,q′ − r) 1
(q′)|f |
#(f) ∆fn,q
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 Kc!d,'ﬀ-% ﬀLa!kldm_(" d ﬂ iﬀGd," a '5# ﬀﬃ'(ﬀ\_" kldb_"
a$bd{­rrfN t{­Łwﬁ{}r	fNrvr¯fNw;tv{­Ł®¥®­p]Łw1 fNzw1fNﬀ¹	{ tvb¾d1®¥{}t{­Łw1r$Ł«tb1fs{uSfNzfNw;t{}®_«¬ŁzvfNr¯t	f µs1wHr¯{­Łwﬁe-;vb1{¥wdfNzpﬀsf¼ŁfN®¥;SfN
fNzv®­{¥fNzgt 1z;1@t{­Łw1rŁ«%b1;r-dzvŁSfzt{­fNr-«P{­w;tvfzŁ·tv{¥w1±Hzt{} ®­fﬁe-sdf®}r¸ w ;zvsfNzgt ruttvfŁ´$w1¦1z¼Łfﬀtvbdf




n ≥ 0 ´"wH > ŁwHrutw;t(1zt{} ®­f5©d®­s¶±r¯{ Vf q ≤ N ¸ ¤ f/®­f t Nn+1q
©Sf5tbdfﬀr¯ft(«	{¥w@tf;fzr¯f<|;x1fw1 f<r























× (ηk(Gk)−Gk) wH G⊗pn := G
⊗p0















S(p+q)n (Fn+1) := G
⊗p0







































q/2 ≤ k ≤ (n+ 1)(q − 1) ] 	-
 ﬂ&)(m"
  \ 	$"



























 ¤ f%½1zr¯tvb1fN¶5tvbdf%«¬Ł®­®¥¹	{­wd-sf< ;egS@r¯{¥t{­Łw




























































































n ≥ 0  !,	ﬂ  ﬂﬁ l"h ]``
 P & ')q	   	 (PNn+1,q)N≥q







bﬁ !(   G-ﬂ q
	 	-
 ﬂ&)(m"









((q − 1) + |p|)!






N ≥ q m/( . ! B`
ﬁ"





































)−q × (γNn )⊗q Q⊗qn+1 (Fn+1)






u ∈ R− {1} ´
w1



















(q + k)k = (q + k)!/q!
¸Ba$bdf(dzvqŁ«"«"tvbd{}r«¬Łzve(xd®}5{­rBfNrvrfw;tv{­Ł®¥®­pﬀ©1;r¯f<Łwtvbdf«WŁ tBtb1tB«¬ŁzPw@p
n ≥ 0 ´SŁw1




























































































































































































































((q − 1) + |p|)!






































((q − 1) + |p|)!


































∥∥RNn+1,q∥∥tv <∞ ¸ ¤ f3fNw1ﬁ«tb1f3dzvq««tb1f
r¯f< Łw1ﬁŁrvrfzt{­Łw]Ł«tbdf%tvbdf;zfNe x1r{¥w1gtbdf%«W;·t	tb1t






























































2, . . . , xq)) Q⊗qk,n+1(Fn+1)(x


































1, . . . , xq)) Qk,m(Gm)(x
1) Q⊗qk,n+1(Fn+1)(x


















k ≤ bq/2c ´1wH]«¬Łzwqp/fN¼Łfwﬁ{­w;tvfŁfNz q ´s¹f%b1G¼Łf





N ≥ 2(q + 2)   r/tvb1t (b(N − q)/2c − 1) ≥ q/2  ¸%aﬀdz¼Łf3tvbd{}rP ®}{­e´S¹ºfwdŁt{} f(tb1tj«¬ŁzPŁw@p
k < q/2
´1w1ﬁŁw@p
F ∈ Bsym0 (Eqn+1)
´d¹ºf%bH<¼Łf




n (F ) = 0
a$bd{}r	pq{¥fN®­dr$tvb1t








k = q/2 = (|p|+ q)/2 {¥«u´1Łw1ﬀŁw1®¥p]{ «u´ p Ł{­w1 {}sf%¹	{¥tbﬁtb1f3w@xd®­®rfN|@xdfw1f 0 ¸
 
¤ f	®­f t ‖µ‖Bsym0,1 = supF∈Bsym0,1 |µ(F )|
©Sftvbdf(SŁ®­tzvf¼3rfe-{­wdŁzveŁw M(Eqn+1)




















{}v¶±«¬Łzve(xd®­>r¯tvtfN ©S¼Łf5¹	{¥tb!tvbdf 4Łzvf®¥¨ w;tvf®­®¥{®­fe-e5d´"¹f/;©stvŁ{¥w «¬;z®­®





¯q(F ) = 0
¸ rN¸
«¬ŁzKw@p3©SŁx1w1sfNrpqege-ftzv{­ﬂ«¬xdw1·tv{¥;w





















{­rs{uSfNzfNw;t{}©1®¥f3xdﬁt5Łzsfz b(N − q)/2c ´d¹	{¥tb ∂0P˜n+1,q = η⊗qn+1
´1Łw1]tbdf3Hzt{}®_sfzv{­¼tv{¥¼Łf<rŁ{­¼Łfwﬀ«¬ŁzBw@p






((q − 1) + |p|)!








F ∈ Bsym0 (Eqn+1)
´sw1
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oýqp(¸ﬁtjŁxH f t<´Eh¸Esfg²dzvf{¥tvŁrN´SwH¾h(¸  P;zvdŁw_´HfNs{¥tvŁzr¸
D









o p(¸  Pxd{­ŁwdwdftPŁw1 ¸»nsf;Ł®­/k>Łxdzvf®9´
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